UNCLASSIFIED 


AD  NUMBER 

AD419603 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release^  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Foreign 
Government  Information;  1963.  Other 
requests  shall  be  referred  to  British 
Embassy^  3100  Massachusetts  Avenue^  NW^ 
Washington,  DC  20008. 

AUTHORITY 

DSTL,  ADM  249/1013,  12  Aug  2008 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


»»  419603 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


KOriCl:  Vhen  govezment  or  other  dzmvlage,  epeel* 
fleetlone  or  other  deta  are  ueed  for  aay  puzpoee 
other  than  In  coonection  vlth  a  definitely  related 
govenaaent  proeurenent  operation,  the  U.  S. 
OoTemaent  thereby  Ineiire  no  reeponelblUty,  nor  any 
obligation  vhateoever;  and  the  fact  that  the  Oovezn- 
sent  Bay  have  fomilated,  furnished,  or  In  any  «ay 
supplied  the  said  dravlngs,  specifications,  or  other 
data  Is  not  to  be  regarded  by  laqpUcatlon  or  other- 
vise  as  In  any  Banner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl^ts 
or  pezBlsslon  to  aanufBeture,  use  or  sell  any 
patented  Invention  that  Bay  In  any  vay  be  related 
thereto. 


OMiMLUbtU  BY  UUU 


ACSIWAD^j'*^ 

tmiTPAT.TY  COTIROSION  COMMITTEE 
MACHINERY  CORROSION  ~s5b-C0MMITTEIE 
HULL  and"  STOUCTUgAI  CORROSION  SUB- COMMITTEE 

CENTRAL  DOCKYARD 
LABORATORY 


I - COF 

I  CD.L  REPORT 


THE  CORROSION  OF  STAINLESS  STEELS  AND 
RELATED  ALLOYS  IN  MARINE  BjiVlRONMENTS 


PART  II .  RES'TLTS  FOR  FURTHER  ALLOYS 


ocTiiiaei 

JfcisiHTrHinrtsi 

risiA  D 


H.M.  DOCKYARO, 

PORTSMOUTH. 


(RI07I  Wt.  SMIO/rUlM  7/10  p.«f.  Op.m  IS? 


ilC  sSUJLIjad  JO4 


C.D.L.  Report  GOB 


THE 


CORROSION 


pm 


CENTRAL  DOCKYARD  LABORATORY 
P0RTSI40UTH 


OF  STAINLESS  STEELS  ;>ND  RELATED  ALLOYS 
IN  MARINE  ENVIRONimiTS 

II.  RESULTS  FOR  FURTHER  ALLOYS 


SYNOPSIS 


The  corrosion  behaviour  of  a  number  of 
stainless  steels  and  high  nickel  alloys, 
additional  to  those  given  in  C.D.L,  Report  OCF 
(ACC/N  196/59  (H  405))  are  reported.  The 
precipitation  hardcnablo  stainless  steel 
FV,520,  of  particular  interest  duo  to  its  high 
strength,  had  only  slightly  improved  corrosion 
resistance  con^ared  to  the  martensitic 
stainless  steel  Bn. 57,  The  austenitic  alloy 
Langalloy  IIK  behaved  similarly  to  a  normal 
ferritic  steel  with  respect  to  tho  form  of 
attack  but  with  a  reduced  corrosion  rate . 

No  stainless  alloy  tested  can  be  recommended 
to  withstand  full  immersion  crevice  corrosion 
conditions. 


INTRODUCTION 


Since  reporting  tho  corrosion  behaviour  of  commonly  used  stainless  steels 
and  high  nickel  alloys  (l)  a  number  of  similar  alloys,  including  a  proprietary 
precipitation  hardenablo  stalnloss  steel,  have  been  tested  for  their  corrosion 
behaviour.  The  previous  report  concluded  that  such  alloys  had  good  intrinsic 
corrosion  resistance  in  v;oll  aerated  sea  vmter  but  they  v/ere  liable  to  severe 
local  corrosion  under  crevice  conditions.  In  tho  present  series  of  tests  it 
was  tho  resistemee  to  crevice  corrosion  which  was  principally  investigated. 


II.  EXPEUIHENTAL 

The  testing  methods  used  involved  on  accelerated  laboratory  test  for 
crevice  corrosion,  crevice  corrosion  tests  in  Langston  Harbour,  and  plain 
corrosion  tests  in  respect  of  one  alloy.  Accelerated  tests  u'cre  confined  to 
specimens  in  bar  form  find  conprlied  martensitic  stainless  steels,  including 
a  proprietary  precipitation  hardcnablo  steel,  austenitic  stainless  stools, 
chromium  platod  stainless  steel,  Ninonic  80,  and  Stellites.  Tho  Tfungston 
Harbour  tests  comprised  similar  stainless  steels  and  r.  number  of  high  nickel 
alloys.  Plain  corrosion  tests  were  mado  on  the  proprietary  mongancso- 
aluminium  austenitic  steel  Langalloy  11K« 
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In  the  accelerated  test  specimens,  in  bar  form,  were  locally  dopassivated 
electrolytic ally  and  crevices  quickly  formed  using  tight  polythene  sleeves 
before  esqposure  in  a  tank  of  sea  ^7ater  for  3  weoko.  With  this  method,  the 
time  interval  between  depassivation  and  forming  the  crevice  must  bo  extremely 
short,  otherwise  the  oxide  film  \7ill  ro-heal, 

Tho  crevice  corrosion  tests  in  Langston  Harbour  v/crc  made  under  full 
immersion  conditions,  the  exposure  period  being  one  yoar.  The  crevice  \7as 
made  by  sandwiching  half  a  3  in,  x  1  in,  specimen  botv/een  two  pieces  of  porspex 
as  described  previouslyC^) , 

The  plain  corrosion  specimens  of  the  proprietary  alloy  Langalloy  IIK  wore 
tested  in  the  cold  worked,  annealed,  and  oxidised  conditions  (l  hour  at  600°C 
in  oxygon).  In  addition,  the  steady  corrosion  potentials  of  this  alloy  in 
sea  water  wore  measured  vrith  reference  to  a  saturated  calomel  electrode. 


III .  RESULTS 


Using  the  accelerated  crevice  corrosion  tost  it  v/as  apparent  that  the 
martensitic  stainless  steel  En.57  nnd  the  precipitation  hardenablo  stainless 
steel  ^,520  were  readily  susceptible  to  crevice  corrosion  regardless  of  tho 
heat- treatment.  Chromium  plate  up  to  a  thickness  of  V  thou,  failed  to  prevent 
crevice  corrosion  as  shovm  in  Fig,  1.  The  results  of  this  test  for  a  number 
of  alloys  are  5ho\7n  in  Table  1, 

The  extent  of  crovico  corrosion  or  specimens  exposed  for  one  yoar  in 
Langston  Harbour  arc  given  in  Table  2,  It  will  bo  seen  that  all  the  martensitic 
stainless  steels  and  monel  \;erc  severely  attacked.  Austenitic  stainless  stools 
and  high  nickel  alloys,  other  than  monel,  were  only  slightly  attacked  .dth  the 
molybdenum  containing  alloys  En,58J,  FV,254  and  Hastolloy'C*  giving  the  best 
results. 

The  plain  corrosion  rates  of  the  Langalloy  IIK  after  one  years  exposure 
and  the  moasui’ed  corrosion  potentials  aro  shown  in  Table  3*  It  \7ill  bo 

that  the  conrroftion  potential  of  Langalloy  IIK  is  similar  to  that  of 
mild  steel  (-0,65  volts)  rather  than  a  stainless  stoel  (-0.1  to  0.2  volts) 
and  consequently  it  is  unlikely  that  tho  Langal]  oy  IIK  would  bo  susceptible 
to  crovice  corrosion. 

In  the  crovico  corrosion  tests  tho  Langalloy  IIK  and  the  Corronol  ’B* 

(66  Ni/28  Mo/6  Fo)  corroded  outside  the  creviced  area, 

IV ,  DISCUSSION  AND  CONCLUSTOrTS 

The  results  given  for  further  martensitic  and  austenitic  stainless  stools 
and  high  nickel  alloys  should  bo  ennsidnrod  as  an  Addoudun  to  C.D.L,  Report  GCF 
(ACC/N  19^/59,  ACC/H  405/59) .  Tho  conclusions  given  in  the  earlier  report  aro 
supported  and  in  particular  it  nay  bo  noted  that  the  precipitation  hardonablo 
stainless  steel  FV,520  behaved  similarly  to  tho  martensitic  stool  Bn. 57. 

Apart  from  this  general  conclusion  it  may  bo  noted  that  tho  crovico 
corrosion  resistance  of  the  herdenablu  stainless  stools  (En.57,  and  PV.520) 
varied  significantly  according  to  structure  as  well  as  chemical  con^osition 
and  tha.t  chromium  plating  had  no  beneficial  effect. 

Molybdenum  bearing  stainless  steels  were  least  attacked  in  the  austenitic 
group  and  of  those  Rex  78  and  FV  ,254  appeared  to  bo  slightly  superior  to 
En,  58J ,  Tho  hard  facing  alloys  (Stellites  1,  6  and  12)  T/ore  cor^jarablo  to 
austenitic  stainless  steels  in  their  resistance  to  crovice  corrosion. 
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In  tho  high  nickel  alloys  Ni-0-Ncl  and  Hastolloy  'C  had  nuch  superior 
crevice  corrosion  resistance  to  Honol,  Corronel  v/as  attacked  outside  the 
crevice  and  suffered  a  higher  plain  corrosion  rate  than  other  nickel  alloys, 
tested  under  these  conditions , 

The  austenitic  alloy  Langalloy  IIK  suffered  general  corrosion  and  behaved 
similarly  to  a  cdld  steel  with  a  third  of  the  corrosion  rate.  The  corrosion 
potential  of  this  alloy  (-0,79)  is  loss  basic  than  mild  steel  (-0,65  volts) 
and  the  possibility  of  its  use  coupled  to  aluminium  alloys  is  being  investigated. 


Referonoe 


(l)  Tho  Corrosion  Resisteuice  of  Stainless  Steels  and  Relative  Alloys  in 
Marino  Environments, 

C.D.L.  Report  &CF  (ACC/n  196/59,  ACC/h  405/59). 
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TABUS  I 


^SOTS^^lULlTi  Of  j^LOYS  JW  CREVICE  CORROSION 
IJlBORATfflY„  ^  ,TOSTS 


MATERIAL 

HAHIWESS 

V.P.N. 

%  COMPOSITION  NOMINAL.  MAJOR 

ALLOYING  ELEMENTS 

EXTENT  OF 
t  w/rv 

C 

Cr 

Ni 

Others 

ial  ii^UZv 

MARTENSITIC 
STAINLESS  STEELS 

En.57 

258 

0.16 

16.5 

2.4 

Severe 

En.57 

30# 

0.16 

16.5 

2.4 

Sovoro 

FV,520  Soft 

232 

0.#7 

16 

6 

I7  Cu,  li  Mo. 

S  'voro 

FV,52t  Peak  Hardness 

392 

0.07 

16 

6 

I5  Cu,  ly  Ho, 

Severe 

FV*520  Overaged 

310 

0.07 

16 

6 

14  Cu,  I7  Mo, 

__  _  _  _  _  --  -  _ 

Severe 

AUSTENITIC 

STimiLESS  STEELS 

En.58  J 

0.07 

18 

10 

.  -j 

3  Ho. 

Very  slight 

En.58  P 

- 

0.08 

18 

10 

I7  Cb. 

Slight 

G.  18  B 

- 

•  .4 

13 

13 

2  Mo,  2i  W,  10  Co,  3  Cb 

Slight 

7V.2% 

- 

0.#7 

18 

18 

Mo,  2^  Cu,  i  Ti 

Mono 

Longalloy  20V 

- 

0.04 

20 

30 

3i  Mo,  4  Cu,  1  Cb 

Slight 

Rex  78 

- 

0.7 

14 

18 

3j  Mo,  3i  Cu,  J  Ti 

None 

HIGH  NICKEL  ALLOY 

Nlmonio  80 

i 

< 

-  ‘ — H 

0.J4 

X  ..  .  . 

1 

;  21 

i 

75 

2^  Ti,  i  Al. 

Severe 

r  -  -  -  •  • 

^  "  ”■  *  '  "  " 

HARD  PACINO  ALLOYS 

Stellite  1 

34 

43  Co,  14  7,  9  Fc. 

None 

Stellite  6 

- 

1 

1 

33 

- 

55  Co.  6  W,  7  Fo. 

Slight 

Stellite  12 

1 

-  ! 

1  1 

47  Co,  10  W,  9  Fo. 

Slight 

/Table  2 
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CRKVICE  COIIROSIOM  nATES  OF  STAINLESS  STEELS 
AND  HI6H  NICKEL  /J.LOYS 

TESTS  IN  LAN5ST0N  HABBOTO 


M/.TSRIAL 

HARDHESO 

V.P.N. 

%  COMPOSITION  NOHINAI,.  MAJOd 
ALLOYIMO  ELQiEi.'TS 

CREVICE  CORROSION 

c 

Cr 

Mi 

0  tilers 

ng  ./orov. 
sq.dm ./day 

Avora^ 

MAHTENSITIC 
ST^iilSSR  STELLS 

■ 

En.57  Soft 

252 

0.16 

2.4 

42.2  ,  47.6  ,  37 

42.3 

En,57  Heat  treated 

348 

0.l6 

2.4 

a.8,  35.2,  35.2 

37.4 

FV.520  Soft'“ 

252 

0.06 

14.4 

5.3 

l:f  Cu,  2  Mo. 

16.4,  17.8,  7.8 

14.0 

FV.520  Peak  ^ 

Hardness 

385 

0.06 

14  A 

5.3  1 

1^  Cu,  2  Me, 

11.2,  24.4,  13.8 

16.5 

FV.520  Overaged  I* 

301 

0.06  j 

14. 4 

5.3 

l5  Cu,  2  Ho.  j 

37.6,  17.0,  30.0 

29.2 

FV.520  Overage d  II’*' 

315 

0.06 

14.4 

5.3 

1^  Cu,  2  Mo,  ! 

27,4,  40.0  ! 

33.7 

263 

0.07 

18 

10 

3  I'iO. 

-  ^ 

i 

0.02,  0.04,  0.46  j 

0.2 

En.58j  Annealed 

187 

0.07 

18 

10 

3  Mo. 

0.6,  5.4,  5.4  1 

3.8 

1V.254 

150 

0.07 

18 

18 

Ho,  2i  Cu,  i  Ti 

0.02,  0.02,  0.08 

0.04 

Longalloy  20V 

223 

0.04 

19.7 

29.6 

3?  Mo,  4  Cu,  1  Cb 

5.4,  7.0 

6.2 

nn 

■ 

1  - 

mill 

Monel 

130 

^1; 

1  Fe,  30  Cu 

16.6,  14.6,  16.6 

Ni-O-Mel 

As  Received 

242 

HR 

21 

40 

31  Fe,  3  Ho,  1^  Cu 

•  .4,  3.8,  0.6 

m 

Ni-O-Nel 

Annealed 

194 

Q 

21 

40 

31  Fo,  3  Mo,  1-1;  Cu 

0.2,  3.0,  1.6 

1.6 

Kastolloy 

210 

B 

15 

58 

17  Mo,  4  W,  6  Fe 

0.03,  0.04 

0.04 

*Hoat  trcp-tncnts; 


Soft  1050'''C  Air  Coded 

Peak  Hardness  1050°C  Air  Cooled  4  2  hours  750°C  4  2A  hours  15'^C  4 
2  hours  450°C  Air  Cooled. 


Overaged  I  1050°C  Air  Cooled  4  2  hours  750°C  Air  Cooled  4  24  hours 
15°C  4  2  hours  560°C  Air  Cooled, 

Overaged  II  1050°C  Air  Cooled  4  2  hours  850”C  Air  Cooled  4  5  hours 
450°C  Air  Cooled. 


Corrosion  rate  of  olid  steel  30  ng./sq,dn,/iay 

Corrosion  rate  of  copper  8  ng./sq.dn./iay 


GOB 


FIG.  1.  Crevice  corrosion  produced  by  accelerated  method  on  speoioiona. 
2  thou,  Cr  pleto  on  FV.520,  k  thou.  Cr  plato  on  FV.520, 
FV.52O  soft,  FV.WO  uYoraged«  and  r/.520  poolc  hardness, 
resppotl  valy. 
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